Mathematical model for cancer cell invasion of tissue by Abdullah, Norul Hidayah
i 
 
 
 
MATHEMATICAL MODEL FOR CANCER CELL INVASION OF TISSUE 
 
 
 
 
 
 
 
NORUL HIDAYAH BINTI ABDULLAH 
 
 
 
 
 
 
 
 
 
 
 
UniversitiTeknologi Malaysia 
 
 
 
                                                                                                        PSZ 19:16 (Pind. 1/07) 
UNIVERSITI TEKNOLOGI MALAYSIA 
DECLARATION OF THESIS / UNDERGRADUATE PROJECT PAPER  
AND COPYRIGHT 
 
Author’s full name :  NORUL HIDAYAH BINTI ABDULLAH   
Date of birth  :  10/03/1987     
Title    : MATHEMATICAL MODEL FOR CANCER     
   : CELL INVASION OF TISSUE                    
Academic Session  :  2013/2014    
 
I declare that this thesis is classified as : 
 
                      CONFIDENTIAL (Contains confidential information under the  
                    Official Secret Act 1972)* 
  
 
                    RESTRICTED        (Contains restricted information as specified by  
          the organization where research was done)* 
 
 
        OPEN ACCESS             I agree that my thesis to be published as online  
                  open access (full text) 
 
I acknowledged that Universiti Teknologi Malaysia reserves the right as follows: 
     1. The thesis is the property of Universiti Teknologi Malaysia. 
     2. The Library of Universiti Teknologi Malaysia has the right to make copies for  
         the purpose of research only. 
     3. The Library has the right to make copies of the thesis for academic exchange. 
 
Certified by, 
 
 
        Hidayah 
                  SIGNATURE                SIGNATURE OF SUPERVISOR 
                    
     870310-46-5014                                 Prof. Dr. Norsarahaida S Amin  
 (NEW IC NO. /PASSPORT NO.)             NAME OF SUPERVISOR 
          Date : 19
th
 JUNE 2014                Date : 19
th
 JUNE 2014  
       
NOTES 
 
*        If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
          the organization with period and reasons for confidentiality or restriction.  
 
  
 
 
 
 
 
 
 
 
 
 
 
“I hereby that I have read this dissertation and in my opinion  
this dissertation is sufficient in terms of scope and quality for the award of 
the degree of Master of Science (Engineering Mathematics)” 
 
 
 
 
 
 
Signature :       
 
Name  : PROF. DR. NORSARAHAIDA S AMIN  
Date  : 19 JUNE 2014     
 
i 
 
 
 
MATHEMATICAL MODEL FOR CANCER CELL INVASION OF TISSUE 
 
 
 
NORUL HIDAYAH BINTI ABDULLAH 
 
 
 
 
A dissertation submitted in partial fulfilment of the  
requirements for the award of the degree of  
Master of Science (Engineering Mathematics) 
 
 
 
 
Faculty of Science 
UniversitiTeknologi Malaysia 
 
 
 
June 2014 
 
 
ii 
 
 
 
 
 
 
 
 
I declared that this dissertation entitled “Mathematical Model for Cancer Invasion of 
Tissue” is the result of my own research except as cited in the references. The 
dissertation has not been accepted for any degree and is not concurrently submitted 
in candidature of any other degree.  
 
 
 
Signature :  Hidayah     
Name  : NORUL HIDAYAH BT ABDULLAH  
Date  : 19 JUNE 2014     
 
 
 
 
 
 
 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
To my beloved family 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
ACKNOWLEDGEMENT 
 
 
 
In preparing this dissertation, I was in contact with many people, researchers 
and academicians. They have contributed towards my understanding and thoughts. In 
particular, I wish to express my sincere appreciation to my dissertation supervisor, 
Prof. Dr. Norsarahaida S Amin, for her guidance, advices and motivation. Without 
her continued support and interest, this dissertation would not have been the same as 
presented here. 
 
My sincere appreciation also extend to my postgraduate colleagues and others 
who have provided assistance at various occasions. Their views and tips are useful 
indeed. My fellow colleagues and students at Kolej Matrikulasi Johor should also be 
recognised for their support. Unfortunately, it is not possible to list all of them in this 
limited space. 
 
Last but not least, I am grateful to all my family members for their support 
and understanding throughout my journey as a postgraduate student.  
 
 
 
 
 
 
v 
 
 
ABSTRACT 
 
 
 
Cancer cell invasion of tissue is a complex biological process which during 
cell migration through extracellular matrix, facilitated by the secretion of degradative 
enzymes, is a central process. Cells can be deform their cytoplasm to produce 
pseudopodia, anchor these pseudopodia to neighbouring spatial locations in the tissue 
and detach earlier bonds, to enable them to move and therefore migrate in a specified 
direction. Genetic mutations, chemoattractant gradient or a lack of nutrients in their 
current location can stimulate cell motility and cause them to migrate, thereby 
invading new territory. In this paper, we propose a hybrid discrete-continuum model 
to study the early growth of solid tumour and their ability to degrade and migrate into 
the surrounding extracellular matrix. Considering the importance of chemoattractant 
gradients in the invasion process, the model consists of a system of partial 
differential equations describing the interactions of enzyme and the surrounding 
matrix. Having formulated, then the system has been simplified to simpler system 
which give an analytical solution in Fourier series. Results from simulation show that 
the degradation of the extracellular matrix mirrors the tumour’s growth. High 
enzyme concentrations, which cause maximum degradation of extracellular matrix 
leads to a rise in concentration of attractant and growth factors causes cells to 
migrate outward and to proliferate.  Finally concluding remarks are made and 
recommendation for future work are indicated in the last section. 
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ABSTRAK 
 
 
 
Serangan sel kanser pada tisu adalah satu proses biologi yang kompleks 
dimana semasa migrasi sel menerusi matrik luar sel, serangan ini dibantu oleh 
rembesan enzim degradasi. Sel ini dapat mengubah bentuk sitoplasma mereka 
menjadi pseudopodia dengan mencengkam pseudopodia ini pada ruangan yang 
berhampiran pada tisu tersebut dan memutuskan ikatan yang sebelumnya. Ini 
membolehkan sel-sel bergerak dan seterusnya merebak kearah yang tertentu. Mutasi 
genetik, kecerunan tarikan kimia ataupun kekurangan nutrisi pada lokasi tersebut 
boleh meransang pergerakan sel dan menyebabkan sel-sel merebak, seterusnya 
menyerang kawasan baru. Dalam kertas kajian ini, kami mencadangkan model 
hybrid discrete-continuum untuk mengkaji pertumbuhan awal sel tumor dan 
kebolehan berdegradasi serta merebak ke sekeliling matrik di luar sel. Dengan 
mempertimbangkan kepentingan kecerunan tarikan kimia dalam proses serangan 
berlaku, model ini terdiri daripada sistem persamaan pembezaan separa yang 
menggambarkan interaksi antara enzim dengan matrik luar sel. Sistem yang telah 
diformulakan kemudian diringkaskan menjadi system yang lebih ringkas untuk 
memberikan penyelesaian dalam bentuk siri Fourier secara analitikal. Hasil simulasi 
menunjukkan kepekatan enzim yang tinggi, dimana menyebabkan degradasi matrik 
luar sel yang maksimum membawa kepada peningkatan kecerunan tarikan kimia dan 
juga faktor pertumbuhan yang menyebakan sel merebak keluar dan terus 
berkembang. Akhirnya, kesimpulan dibuat dan cadangan untuk kajian masa hadapan 
disertakan pada seksyen terakhir.  
 
